1. Introduction {#s0005}
===============

The SARS-CoV-2 virus (severe acute respiratory syndrome-coronavirus 2) and the resultant Coronavirus disease 2019 (COVID-19) was first identified in December 2019, and has subsequently spread into a world-wide pandemic with at least 1.5 million cases in 212 countries \[[@bb0005]\]. The point of entry for the SARS-CoV-2 virus is the ACE2 cell surface receptor, which is variably found in many organs including the lungs and gastrointestinal tissues, which may explain COVID-19 transmission and symptom manifestation, typically reported to be fever, cough, shortness of breath, and diarrhea \[[@bb0010], [@bb0015], [@bb0020], [@bb0025]\].

Recent reports have additionally identified COVID-19-related neurologic symptoms such as anosmia, altered mental status, headache, and myalgias \[[@bb0030], [@bb0035], [@bb0040], [@bb0045]\]. These neurologic findings may be attributed to both direct and indirect effects of the SARS-CoV-2 virus ([Fig. 1](#f0005){ref-type="fig"} ) \[[@bb0050],[@bb0055]\]. Direct nervous system injury may occur through hematogenous spread or retrograde CNS invasion as the ACE2 receptor is also expressed in skeletal muscles, vascular endothelial cells, and nerve cells such as in the olfactory bulb \[[@bb0060], [@bb0065], [@bb0070]\]. Indirectly, SARS-CoV-2 may affect coagulation cascade functionality, leading to thrombus formation or hemorrhage, including strokes and acute hemorrhagic necrotizing encephalopathy \[[@bb0075], [@bb0080], [@bb0085], [@bb0090], [@bb0095], [@bb0100]\].Fig. 1Potential pathways for SARS-CoV-2 nervous system involvement. SARS-CoV-2 virus may directly invade through hematogenous spread or retrograde effect through ACE2 receptors on vascular endothelial cells or the nervous system. SARS-CoV-2 may also affect coagulation cascade functionality, indirectly precipitating thrombus formation or hemorrhage.Fig. 1(Illustration credit to Jill Gregory, printed with permission from ©Mount Sinai Health System).

We report two unusual neurological presentations which may be related to these potential direct and indirect effects of COVID-19 infection, with clinicoradiological correlations. First, carotid thrombosis with large ischemic stroke; large ischemic strokes have previously been identified in the prior SARS outbreak, and may be an initial presenting finding in COVID-19 \[[@bb0075]\]. Secondly, while posterior reversible encephalopathy syndrome (PRES) has been reported in other viral illnesses, this is the first PRES-like case in COVID-19 diagnosed with imaging findings of cortical/subcortical edema in a symmetric and more dominant distribution in the parieto-occipital lobes \[[@bb0105], [@bb0110], [@bb0115]\].

2. Case presentations {#s0010}
=====================

The first case is that of a 55 year-old male with past medical history of insulin-dependent diabetes mellitus, who presented to the emergency department with left wrist droop. Initial CT head was negative. While in the emergency department, the patient developed new-onset left gaze preference, left facial droop and left arm weakness. A CT angiogram of the head and neck was obtained, which showed large thrombus in the right common carotid artery, and CT head perfusion study showed acute right frontal ischemic infarct and surrounding penumbra ([Fig. 2](#f0010){ref-type="fig"} ), with lung apical findings raising suspicion for COVID-19. Catheter angiography confirmed a large thrombus in the right carotid artery for which chemical thrombolysis was performed with eptifibatide. Patient was found to be COVID-19 positive on reverse transcriptase polymerase chain reaction test of a nasopharyngeal swab. He developed fevers, and was started on aspirin, atorvastatin, plaquenil, and azithromycin. The patient\'s dysarthria and left gaze preference began to improve. A follow-up MR angiogram (MRA) of the head and neck was performed which demonstrated significantly decreased thrombus burden.Fig. 2Large thrombosis of the carotid artery. A 55 year-old male, who presented with left wrist drop, found to be COVID-19 positive by serology. (A) CT angiogram of the head and neck showed a large subocclusive thrombosis of the right common carotid artery extending into the internal and external carotid arteries (*arrows*). (B) CT perfusion study showed acute infarct in the right superior frontal lobe, with a large area of increased Tmax in the right cerebral hemisphere, involving the right frontal and parietal lobes, suggesting an area at risk for further infarction (*box*). (C) Subsequently, a right carotid endovascular chemical thrombolysis was performed.Fig. 2

The second case is that of a 64 year-old male, former smoker with no other past medical history or prescribed medications, who presented to the hospital with one week history of ongoing productive cough, worsening shortness of breath, generalized fatigue, decreased appetite, myalgias, fevers, chills, and malaise. In the emergency department, the patient was found to be mildly tachycardic, tachypneic, and saturating at 88% on room air which improved to 96% on 4 liters nasal cannula. The patient tested positive for SARS-CoV2, and was admitted. Subsequently while on the floor, the patient continued to desaturate with higher oxygen requirements, and was transferred to the intensive care unit (ICU) for close monitoring. Given worsening respiratory failure, the patient was intubated, and placed on maximal ventilatory support. Due to ongoing desynchrony and desaturation, the patient was paralyzed with a vecuronium drip, started on inhaled nitric oxide and subsequently proned for 12 h. Early ICU course was further complicated by persistent fevers up to 103, acute kidney injury with electrolyte abnormalities, and transaminitis.

The patient was administered hydroxychloroquine, azithromycin, vancomycin and ceftriaxone. Given the severity of his condition, the patient was given two doses of tocilizumab. As the patient began to improve, ventilator support was decreased and paralysis was weaned off. Thereafter the patient developed rhythmic jerking movements that were refractory to midazolam pushes, but stopped with vecuronium push. Video electroencephalogram was consistent with status epilepticus. Multiple antiepileptic drugs including intravenous levetiracetam, lacosamide and valproic acid, along with a midazolam drip were required to stop the seizure activity.

Initial CT head showed striking hypoattenuation of the white matter consistent with bilateral posterior cerebral vasogenic edema, and repeat CT head a few days later revealed interval devolvement of multiple small foci of brain parenchymal hemorrhage, right greater than left ([Fig. 3](#f0015){ref-type="fig"} ). Initial brain MRI re-demonstrated extensive symmetric cerebral edema with a parieto-occipital dominance and scattered small foci of recent hemorrhage. MRA and MR venography were both negative for any acute abnormalities. Repeat brain MRI showed slightly decreased but persistent extensive cerebral edema with stable foci of hemorrhage. Lumbar puncture was performed and cerebrospinal fluid analysis was within normal limits except for slight nonspecific elevation of protein.Fig. 3Acute PRES-like leukoencephalopathy with multifocal hemorrhage. A 64 year-old male, COVID-19 positive by serology, who initially presented to ED with cough, fever, and chills, with hypoxic respiratory failure requiring admission to MICU, subsequently had a change in mental status. (A) CT head demonstrated foci of hemorrhage with bilateral posterior cerebral vasogenic edema. (B) MRA of the brain, 3D reconstruction showing mild narrowing of the left MCA but no acute abnormalities. (C) MRI of the brain, FLAIR sequence showing symmetric cerebral edema greatest in the parieto-occipital white matter, and (D) same MR of the brain, GRE sequence showing multifocal foci of hemorrhage, together likely reflecting posterior reversible encephalopathy syndrome (PRES)-like leukoencephalopathy with hemorrhagic component.Fig. 3

3. Discussion {#s0015}
=============

We demonstrate two patients with unusual neurologic clinical presentations and imaging findings in the setting of COVID-19. While neurologic symptoms such as altered mental status may be an atypical presentation of COVID-19, it may be more commonly seen as the incidence of COVID-19 increases.

As seen in our first case, COVID-19 may indirectly precipitate unusual thrombotic or hemorrhagic findings in patients without other predisposing factors. Disruption of the coagulation cascade may result in thrombus formation in proximal large vessel branch points such as the distal common and cervical internal carotid arteries, causing intracranial large vessel occlusions or unusual cerebrovascular accidents. Potential SARS-CoV-2 related coagulation cascade dysfunction is beginning to be recognized for thrombus formation in COVID-19 patients, and as recent studies have shown, may adversely affect prognosis \[[@bb0120],[@bb0125]\].

Our second case may be attributable to the direct entry and invasion of the SARS-CoV-2 virus. The pathophysiology of PRES itself is not entirely understood, however is thought to be related to hyperperfusion or vasospasm, with fluid extravasation through the blood-brain barrier resulting in cortical or subcortical edema \[[@bb0130]\]. In our second patient, this PRES-like appearance may be attributable to direct uptake of SARS-CoV-2 via the olfactory bulb and surface ACE2 targets on vascular endothelial cells, injuring the blood-brain barrier \[[@bb0070]\]. Additionally, the ACE2 enzyme degrades angiotensin-II in the renin-angiotensin system, which affects blood pressure regulation, and may be another potential pathophysiological explanation. The rare hemorrhagic component may have been due to superimposed COVID-19 coagulopathic abnormalities.

Further research is needed to confirm the mechanisms underlying SARS-CoV-2 invasion and its resultant neurological effects. Due to the potential for SARS-CoV-2 to directly and indirectly affect the nervous system as described above, physicians should be aware of these atypical neurologic presentations in COVID-19 patients.
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